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Ground Water Quality and Management in
Minnesota
JEANETTE H. LEETE

Minnesota is known for its abundant surface water - lakes, rivers, and streams - and much emphasis is placed
on managing these priceless resources, yet it is ground water that supplies drinking water to about 75 percent
of the state's population, and ground water that agriculture depends on for 88 percent of irrigation water.
While ground water quality can be and is impacted by activities at the land surface, the greatest proportion
of Minnesota's ground water is still suitable for most uses.
Over 175 units and several levels of government are involved in water resource protection and planning.
Choices are being made about the course of future ground water quality protection in Minnesota. Efforts are
underway to evaluate the vulnerability of aquifers and to assess and inventory potential contamination
sources and inappropriate land use practices.

Importance of Ground Water
Minnesota has built its reputation on its lakes, rivers, and
streams, so it may be surprising to learn that about 75 percent
of all Minnesotans drink ground water (1) , in spite of the fact
that people in Minneapolis, St. Paul, and Duluth drink
surface water. Over three million consumers and 94% of
Minnesota's public water supply systems are using ground
water (1).
Ground water supplies are more reliable than surface
water sources during a drought, one of the primary reasons
that agriculture has increased its dependence on ground
water to 88 percent of all irrigation water used (1). During
1988, on average, 866 million gallons of ground water were
pumped from the ground each day in Minnesota (2). Figure
1 shows the distribution of ground water among the major
ground water uses. The availability of ground water is finite
and concern exists that future demands may exceed the
resource in some rapidly growing areas of the State (3,4) .
Prime examples are the western suburbs of the Twin Cities
and the St. Cloud area.
Ground water is typically assumed to be of good quality
and is usually used with little or no treatment (5). Minnesotans
are aware of increased threats to ground water quality and
public opinion supports further ground water protection.
This growing public recognition of the importance of the
environment, including ground water, resulted in the
amendment of Minnesota's Constitution to create the Environmental Trust Fund in 1988 and in the 1989 Minnesota
Ground Water Protection Act (6).

Jeanette H. Leete is a hydrogeologist supervisor with the Ground
Water Unit, Division of Waters, Minnesota Department of Natural
Resources. She also teaches geology at Macalester College in St.
Paul, MN.
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Ground Water Uses

Figure 1. Ground Water Use By Use Category

Minnesota's Ground Water Resources
Studies describing Minnesota's ground water resources
have been compiled in a bibliography (7). Three major
ground water regions, as defined by Heath (8), are represented in Minnesota. The Superior Uplands are represented by fractured crystalline bedrock in the Arrowhead
region, which is overlain by varying thicknesses of glacial
material. The Glaciated Central Region is underlain by
sandstone, limestone, dolomite, and shale which are also
covered by glacial deposits. The Alluvial Valleys are surficial
sands and gravels fingering into and through all the other
ground water regions. These aquifers were deposited along
river channels since the end of the last continental glaciation.
Aquifers are geologic formations of permeable saturated
zones of rock, sand, or gravel that yield useable amounts of
water to wells and springs. The U.S. Geological Survey
(USGS) has delineated 14 principal types of aquifers in
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Minnesota (9), which can be grouped by type of rock or
deposit into: the surficial and buried unconsolidated aquifers , the sedimentary bedrock aquifers, and the igneous and
metamorphic crystalline bedrock aquifers (1). Figure 2
shows the distribution of each of these aquifer types in
Minnesota.
Unconsolidated aquifers consist of the materials transported
by the glaciers. Layers of sand, gravel, and clay, up to
hundreds of feet thick, were deposited over much of the
State. In places, these deposits were reworked by flowing
water. Thick sands and gravel, either surficial (Figure 2a) or
buried below clay till layers (Figure 2b), provide the water
for much of the irrigated land in Central Minnesota. The
maps show the area of the State where wells in these aquifers
are likely to yield at least 50 gallons per minute.
Alluvial and surficial sand aquifers can yield large amounts
of water because they are frequently in hydraulic connection
with streams and rivers. Where the surface water is of poor
quality, it influences the quality of shallow ground water.
Sedimentary bedrock aquifers consist of limestone, dolomite, and sandstone formations (Figure 2c). Ground water in
these rocks is found between grains and in fractures and
joints. Limestone and dolomite aquifers can have honeycombed solution caves and channels where water can flow
as if it were surface water without being filtered. This terrain,
called karst, can allow ground water contamination to
spread rapidly. Karst is common in southeastern Minnesota
(10).
Minnesota's largest ground water reserve is in the Paleozoic
sediments in the southeastern portion of the State. Here five
major sedimentary bedrock aquifers are separated by confining layers of shale and siltstone. Over much of this area, there
is good potential for developing high-yielding wells . The
lower aquifers in this bowl-shaped basin are well-protected
from contamination. These lowest aquifers are recharged
slowly (11).
Sedimentary rocks of Cretaceous age are found primarily
in the western third of Minnesota. Well yields are sometimes
too low for municipal or industrial uses and natural water
quality is not always suitable for all uses (9,12).
Crystalline bedrock aquifers yield water to wells through
cracks, joints and fractures in otherwise solid rock. It is
difficult to locate a water supply in these formations because
the presence of the fractured zones is not always predictable.
In addition, the water quality may not be suitable for use.
Crystalline Precambrian bedrock is found at depth everywhere in Minnesota, but is only used for water supply when
there are no other aquifers overlying it (Figure 2d).

Potential Threats to Ground Water Quality
Aquifers are replenished as precipitation infiltrates into
the ground or as surface waters move into aquifers with
which they are connected. If the recharging water contains
contaminants, it may carry contaminants into the aquifer.
The depth to ground water below the surface of the land, the
thickness and type of soils above the aquifer, and many other
factors affect the potential for contamination (13 ,14).
In general, ground water moves very slowly. In clay,
ground water may move only a few inches per year. In sand
and gravel, ground water can move 800 feet or more a year.
Because ground water moves slowly, contaminants fortunately do not spread or mix quickly (15).
Pollutant sources are either point or nonpoint sources.
Point sources are relatively easily identified. For example, a
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point source might be a discharge pipe or pond. A nonpoint
source might be the use of salt on roadways in winter or the
use of agricultural chemicals on fields.
Hennepin County serves as an example of the complexity
of searching out potential pollution sources and factors
which influence contaminant transport such as pumping
wells and unused, unsealed wells. An inventory of the
county's 350,000 parcels of land would have to include,
among other items, countless agricultural chemical handling
and application sites, over 100,000 unused, unsealed wells,
approximately 600 water appropriation permits, 2,300 sites
with large (more than 1100 gallon capacity) underground
storage tanks, 22 State Superfund sites, 48 dumps or landfills,
and toxic chemical releases (313 releases totalling 9.7 million
pounds for 1988 alone) (16).
Planners must have knowledge of the past land uses and
the potential for ground water contamination to safely site
new facilities , and to allow for cleanup, when necessary,
before substantial investment occurs on a contaminated site.
For example, a new well should obviously be drilled at a
clean site, and the area around the well from which ground
water will be drawn must also be uncontaminated. A review
of statewide actual and potential point and non point pollutant
sources must minimally include:

Supeifund Sites
More than 430 potentially severely contaminated sites are
known statewide. These include industrial spill sites, landfills and dumps, petroleum storage and transportation facilities,
and agricultural chemical handling facilities. All may have
contaminated soils and ground water Cl 7, 18). Minnesota has
44 sites which have been placed on the Federal Superfund
list and an additional 121 sites on its own Superfund roster
(Figure 3), with another 13 to 15 sites proposed for addition
to the list in December 1990. Preliminary assessments at 140
sites found some degree of ground water contamination, and
at least 35 of these sites are currently being cleaned up (19).

Hazardous Waste Generators and Handlers
Minnesota regulates the production, storage, treatment,
and disposal of hazardous waste under the Resource Conservation and Recovery Act (RCRA) of 1976. The system tracks
hazardous materials "cradle to grave" to ensure that risks to
the environment and to human health are prevented. An
estimated 5,000 sites in Minnesota generate hazardous
waste; 4,000 of which are small generators (less than 1000 kg
per month). Typical small generators are printers, dry
cleaners, photofinishers, auto repair shops, and machine
shops (20). Five companies treat hazardous wastes and
about 40 companies store such wastes temporarily. Ground
water is monitored at 21 RCRA facilities , about half of which
have ground water contamination which will require
remediation (21).

Municipal and Industrial Landfills and Dumps
Approximately 1,400 dumps in the State have been used
by cities, towns, and industry to dispose of household waste
and non-hazardous industrial waste (10). Less than 300 of
these are active and fewer than 60 permitted mixed municipal landfills are still active. All of these facilities must
be considered to be existing or potential sources of ground
water contamination.
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Figure 2a: Surficial Aquifiers (after 1 and 10).

Figure 2b: Buried Aquifers (after 1 and 10; boundaries not known)

TWIN CITIES

Figure 2c: Sedimentary Bedrock Aquifers (after 1 and 10).
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Figure 2d: Crystalline Bedrock Aquifers (after 1 and 10).
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Leaking Storage Tanks and Pipelines

Unused or Unusable Wells

Heating oil, chemical wastes, gasoline, process chemicals,
and other liquids of many types are stored in tanks and
transported in pipelines. Leaks from either above ground or
below ground facilities can contaminate ground water. Over
time, underground tanks are subject to corrosion and leaking
from welds or pipe connections.
There are underground storage tanks (USTs) in every
Minnesota community. The State's underground storage
tank inventory has recorded 36,000 tanks at 13,000 sites
statewide. Almost half were installed before 1970 and lack
corrosion protection. These are now reaching the end of
their anticipated life expectancy and unless they are repaired
or replaced, the number of leaking tanks can be expected to
increase. The Minnesota Pollution Control Agency (PCA) has
investigated more than 2,700 reported leaks since 1985 and
receives new reports at the rate of 25 to 30 per week (22).
During a 1985 sampling effort, volatile organic carbons
(VOCs) from petroleum storage tanks or improper waste
disposal were found in 107 of about 1,800 public wells (23) .
The distribution of sampled wells that had detectable voes
as well as those that were sampled and did not have VOCs
is shown in Figure 4 for the subset of noncommunity public
water supplies.
A fund has been established (Petrofund) which functions
as a self-insurance system. If a tank owner follows correct
procedures, it is possible to be reimbursed for some of the
costs of cleanup (22) .

Properly constructed wells do not pose a threat to ground
water quality, but improperly constructed, poorly maintained,
or unsealed, unused wells can allow contaminants to travel
from the surface to ground water or from a contaminated
aquifer to a previously uncontaminated aquifer. Pilot studies
which concentrated on locating unused, unsealed wells
have found a surprisingly large numbers of wells, perhaps
300,000 to 2 million wells; 4 or 5 unused wells for every one
of the 300,000 to 400,000 wells that is currently in service
(24).
Location of these types of wells is frequently difficult.
Wells may be buried, hidden beneath buildings, or otherwise concealed. Detective work is often needed; old air
photos can be useful, insurance companies and government
agencies might have maps, and longtime residents may be
able to remember where old wells were located.

Septic Systems
The majority of households in rural Minnesota dispose of
sewage on site. Septic systems discharge waste into the
ground; anything that goes down the drain could be on its
way to ground water. Because most households with septic
systems are self-supplied for drinking water, the household
well is often not far from the septic system. The implications
are obvious (25,26). Septic system failure is not always
obvious at the surface, and it is possible that ground water

•
•

Kay
♦
◊

Voe detected
voe not detected

¢

'VOC's-Volatile Organic Chemicals
(primarily lrom petroleum storage
Iris and improper waste disposaQ
"Non-community pi.blic wells include
factories, offices, and gas rations

Source: Minnesota Department of Health

Figure 3: Minnesota's Superfund Sites, 1990 (after 19).
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Figure 4: Occurrence ofVOCs in Non-Community Public Wells (6).
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impacts will not be detected until neighboring wells are
affected. Changes in conductivity, elevated fluorescence ,
chloride, and pH are potential indicators of pollution from
septic systems (27). Common pollutants found are coliform
bacteria and nitrate.

Agricultural Chemicals
Use of agricultural chemicals, i.e. fertilizers and pesticides,
even following recommended rates, may lead to ground
water contamination. A recent study of wells in geologically
sensitive areas sampled 500 wells and found pesticides in 39
percent of them (Figure 5). Atrazine was found most
frequently (37% of all wells) (28).
Nitrogen in the form of nitrate is perhaps the most mobile
of the commonly used agricultural chemicals. It has been
detected in many water supply systems (Figure 6). As
mentioned above, agricultural use of fertilizer nitrogen is not
the sole source of nitrate found in wells at unacceptable
levels. High levels of nitrate are frequently found near
feedlots and septic systems (29,30,31 ,32).

Key
♦

Pesticide detected

0 Pesticide not detected

Injection of Contaminants
Drainage wells were constructed for disposal of agricultural runoff or disposal of dewatering water from tile lines or
drainage ditches. The magnitude of this problem in Minnesota is unknown and the State is only beginning to develop
data. It is a sensitive issue, because owners of such wells
would understandably be reluctant to reveal their existence,
and without site inspection such wells cannot be found.
Risks to ground water quality from drainage wells include
high levels of nitrate, high dissolved solids, bacteria, chloride, lead, and pesticides (5). In short, drainage wells pose
the same problem as karst; they are artificial sinkholes.
Underground storage of natural gas and heated water is
allowed in restricted areas in Minnesota. The water quality
in the impacted aquifers is changed by the storage activity.
Minnesota does not allow intentional degradation of the
quality of the water in any aquifer (33), thus these projects
have been monitored closely.

Source · Mrnnesola Departrnenl of Heallh

Figure 5: Occurrence of Pesticides in Public Wells (6).

Storage Piles and Tailing Dumps
Waste rock piles from mining operations, piles of contaminated soil from clean-up projects, scrap and salvage piles in
junkyards, and piles of highway deicing salts, coal, ash, or
sludge can contribute contaminants which are then leached
by rainwater or surface water. Ground water quality will be
impacted when the leachate percolates to ground water (14).
Key

Suifacelmpoundmen~

(NO,-N in mg/I)

• < 0.4

Urban runoff ponding areas, sewage lagoons, and other
holding areas for liquid wastes are used by municipalities,
industries, and farm operations. These holding ponds may
impact ground water quality. Nitrate is among the potential
contaminants which might leach from such holding ponds
(29).

◊

0.4 - 10.0

♦

> 10.0

Other
Oil spread on dusty roads, midnight dumping, and accidental spills all can contribute to ground water contamination (14).

Source: Minnesota Department of Health

Figure 6: Occurrence of Nitrate-Nitrogen in Public Wells (6).
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Costs of Contamination
Cleaning up contaminated sites is a very expensive, slow,
and difficult undertaking (34) . The following are examples
of recent contamination related costs at Minnesota sites (6):
• Over $80 million is being spent to clean up the Twin Cities
Army Ammunition plant.
• It cost over $150,000 to replace 7 residential wells in
Lansing which had been polluted with pesticides.
• The Long Prairie carbon filtration system costs $50,000 per
year to operate.
In a survey of 21 Minnesota cities and 18 companies,
ground water contamination costs were tabulated (34):
• to 17 Minnesota cities: a total of $24,045,500
• to 18 Minnesota companies: a total of $43,026,500
Economic analysis shows ground water to be 13 times
more valuable than surface water (35). If, for example, forty
percent of Minnesota's ground water were unavailable due
to drought or contamination, the cost to Minnesota is
calculated to be $20 billion dollars (35).
If the value of ground water and costs of contamination are
understood, then the importance of preventive measures for
ground water protection becomes clear. Because of the
difficulty of cleaning up contaminated aquifers, it is widely
observed that prevention is better than remediation, even if
prevention programs cannot be foolproof (33,36).
The human costs of ground water contamination are not
easy to quantify. Public trust in clean water is important and
very difficult to rebuild once lost. The public is not adequately
informed about how the detection of a certain level of a
particular contaminant in groundwater might or might not be
linked to a risk of disease. The public perceives risks
differently than do researchers. For example, public outrage
is greater when a community has no perceived control over
a particular risk situation or when the hazard is "exotic" or
unfamiliar to residents (37). Millions of dollars are spent each
year on point of use treatment and bottled water to reduce
real or perceived risk (38).

Minnesota Ground Water Protection Activities
Progress toward pollution prevention and ground water
protection has occurred in small steps. For example: 1)
Minnesota law now requires property owners to tell prospective buyers about all wells on a property. Any seller who
doesn't report a well will be liable for costs of sealing the well
and may also be liable for civil damages due to contamination (6,39); 2) It is no longer legal to spread waste oil on road
surfaces; 3) The mercury content of batteries in Minnesota
will soon be reduced and recycling of commercial and
industrial batteries is now required. Ground water protection
obviously takes many forms.
Six levels of government could potentially be involved in
management of ground water quality in Minnesota - international, federal, interstate, state, regional, and local. Federal
programs complement the State programs, and in some
cases have been assumed by State agencies . Water quality
management programs, actions, and interventions are carried out primarily by (6,33):
•
•
•
•

Environmental Quality Board (EQB).
Minnesota State Planning Agency (SPA).
Minnesota Pollution Control Agency (PCA).
Minnesota Department of Health (MDH).
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•
•
•
•

Board of Water and Soil Resources (BWSR).
Minnesota Department of Natural Resources (DNR).
Minnesota Department of Agriculture (MDA) .
University of Minnesota (UM) including the Minnesota
Geological Survey (MGS) , and the Minnesota Extension
Service (MES).

Many of the responsibilities of these agencies were
defined and existing authorities reiterated or enhanced by
the 1989 Ground Water Protection Act (Figure 7) (6).

Environmental Quality Board
The purpose of EQB is to coordinate education, information, and research to eliminate duplication of effort and
maximize communication and cooperation between agencies. The EQB is also charged with evaluating water quality
data collected by State agencies and political subdivisions
and managing a ground water quality database with which
quality trends can be evaluated, responsibilities which are
actually carried out by its member agencies.

Minnesota State Planning Agency
The SPA provides the staff to the EQB, with all the duties
reflected above . SPA is responsible for maintaining statewide
geographical information systems (GIS) and a State ground
water clearing house . The collection and storage of this
geographically-linked information within the Land Management Information Center (LMIC) allows the analysis of
statewide and regional trends . Data reported by all State
agencies must be compatible with the GIS and meet minimum data set requirements. Users can then be provided with
consistent and comparable data of known quality for crossmedia analysis and integration of data sets (40).

Minnesota Pollution Control Agency
The PCA regulates pollutant discharges, land application
of wastewater, feedlots , and disposal of solid and hazardous
wastes. Prevention of nonpoint pollution, response to contamination incidents, and the evaluation of environmental
audits in advance of property transfers are carried out by
PCA. The role of the PCA in ground water quality management is very broad. Most of the programs administered
through PCA have at least some impact on ground water
quality management. RCRA, Superfund and the UST program have been discussed above. The UST and property
transfer programs, in particular, are growing rapidly because
they serve large segments of Minnesota's populace.
PCA and MDA, discussed below, are responsible for
evaluation and management of pollutants. MDA is responsible for agricultural chemicals and practices; PCA is responsible for all others. The framework for control of pollution
sources was outlined most recently in the Ground Water
Protection Act of 1989 (Figure 8). The State's management
strategy encourages the use of best management practices
(BMPs) to control nonpoint pollutant sources (29). Only if
this approach is unsuccessful will specific practices be
required (6) .

Minnesota Department of Health
Programs of the MDH which relate to ground water quality
are diverse. Health risk assessment and establishment of
health risk limits for specific contaminants, regulation of
public water supplies, and protection of areas near public
water supplies are MDH responsibilities.
39

The MDH sets standards for all aspects of water well
construction. The Ground Water Protection Act expanded
responsibilities for the notification, permitting, construction,
repair, and sealing of wells. MDH has delegation agreements
with eight counties under which the counties regulate water
wells, and active discussions about the nature of well
program delegation are under way with other counties (39).
Under the Federal Safe Drinking Water Act, Minnesota
must develop a wellhead protection program to delineate
and manage wellhead protection areas. Wellhead protection
areas are defined as "the surface and subsurface area
surrounding a water well or wellfield supplying a public
water system, through which contaminants are reasonably
likely to move toward and reach such water well or wellfield"
(41). Once these areas are established, then land use can be
regulated in order to limit the risk of ground water contamination involving public water supplies. Local governments
can apply combinations of management techniques, for
example, zoning and source prohibitions, to meet local
needs.
Criteria must be established for evaluating the vulnerability of existing wells to contamination, for delineating wellhead protection areas, and determining the methods best
suited for Minnesota's conditions. A technical advisory

group is preparing recommendations on the technical aspects, while a policy work group is considering costs,
political ramifications, legal implications, and scheduling of
implementation.
Water quality in public water supply wells will be tested
more frequently in the future , and more kinds of public
supply wells will be sampled using funds provided under the
Ground Water Protection Act. The MDH is developing health
risk limits (HRLs) for ground water contaminants and working with PCA and MDA on an approach to applying HRLs in
regulatory programs. The HRL is the highest level of a
pollutant tl1at is unlikely to cause harm to people, even if the
water is consumed for a long time (6).

Board of Water and Soil Resources
BWSR is the State's coordination link to counties carrying
out local water planning. The Board can make grants to units
of government for plan development and for implementation of specific priority items in approved plans. The Board
has support and coordination roles for Counties, Soil and
Water Conservation Districts, Watershed Management Organizations, and Watershed Districts throughout the State.
BWSR thus has an important role in public education and
technology transfer.
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Stafffor EnviroNnl!fllal Quality Board
EnviroNnl!ntal Po/icy Planning
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Minnesola Environmental
Edru:alion Board

Pollution Control Agency (PCA)
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Ground Water Data ManagemLnt
Water Quality Standards
Pollution Discharge Permils
Nonpoint Pollution Programs
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Solid and Hazardous Waste

ManagemLnt
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Response!Superfand

Department of Health (t.l)H)

Department of Natural Resources

(DNR)

Environmental Quality Board
(EQB)
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lnlerag_eney_ Wat•r Policy
D.velopnwnJ
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Ground Water Sensitive Areas
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r - - - - 1 County Geologic Atlases (withMGS)
DNR!USGS Geol<>gical Survey
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Hydrologic Data Collection and
Analysis

Department of Agriculture (f,l)A)
Fertilizer Regulation
Waur Monitoring for Puticiduand
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Pesticide Plan/Regulation
Pesticide Use Survey
Pesticide Registration/Applicator
Certification
Ag Chemical /ncidenJ
Response/Cleanup
Waste Puticitu Collection
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Board of Water and Soll
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Local Water Resource
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Public Water Supply Program
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Community Health Services GranJs

-

Coordination Unk

Figure 7: State Agency Ground Water Responsibilities (6).
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Limited State funding has been provided to establish a
cost-share program to seal unused wells. BWSR is charged
with administration of the program; the monies go to
counties where ground water planning is under way and
where the need for sealing of unused wells has been
identified and prioritized.

of over 650 observation wells in cooperation with Soil and
Water Conservation Districts and the US Geological Survey.
The drought of 1988 focused attention on the importance
of an understanding of ground water resources, and both
policy-makers and the public demanded rapid access to upto-date ground water level data . It is important to note that
the collection of basic data must continue whether or not the
issue is currently in the public eye.

Department of Natural Resources
The DNR has an important role in ground water planning
and management. Most ground water programs at DNR
emphasize water supply. Regulation of water use, collection
of water use and ground water level data, and investigation
of the availability of ground water resources (in cooperation
with the MGS and the USGS) are carried out by the Division
of Waters (1). Geologic and hydrogeologic data collected
and stored by the DNR are essential to the analysis of ground
water quality problems. The importance of geologic mapping on regional and county levels has been recognized by
the legislature and a mapping effort has been funded for the
next two year budgeting period.
Mapping of geologic sensitivity is a component of the
DNR/MGS County Atlas and Regional Assessment mapping
effort. A sensitive ground water area is a geographic area
where there is a significant risk of ground water degradation
from activities conducted at or near the land surface. If these
vulnerable areas can be identified, it will be possible to take
special precautions with potentially hazardous activities.
DNR is developing and field testing guidelines for the
designation of sensitive areas and will produce a handbook
for local officials (13) . DNR is required to adopt these criteria
as rules.
Water level measurements in wells over time give information about ground water supplies and the impacts of ground
water use on the aquifer systems. DNR maintains a network

Department of Agriculture
MDA and PCA have similar responsibilities under the
Ground Water Protection Act, including administration of
the State and Federal Superfund programs. MDA's authority
is limited to agricultural chemicals. A fund, the Agricultural
Chemical Response and Reimbursement Account (ACRRA),
similar to Petrofund, has been established which will be used
to pay the eligible expenses of emergency responses to spills
and to clean up contaminated sites.
In cooperation with the Minnesota Extension Service, the
MDA is promoting the practice of sustainable agriculture,
integrated pest management, and the voluntary use ofBMPs.
Education and training are essential to the success of these
voluntary programs.
Ground water quality monitoring for pesticides and pesticide residues has been expanded under the Ground Water
Protection Act. Once an adequate database and adequate
areal coverage are established, it will be possible to analyze
trends over time and detect differences between physical
settings and among land uses ( 42).
Should ground water quality problems persist or increase
in spite of the voluntary programs, the 1989 Ground Water
Protection Act requires MDA to find the sources of the
contaminant and to set water resource protection requirements (Figure 8), up to and including banning the use of
problem pesticides.
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I

I
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Actions:
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♦
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♦
♦

♦
♦
♦
♦
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Monitor water quality
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Develop and promote BMP's'
Enforce existing requirements
(e.g., permits, pesticide labels)
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allowable limils as health risk
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♦
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♦
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Develop and promote
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♦
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♦
♦

♦
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not to drink waler
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"WAPR - Water Resources Protection Requirement

Figure 8: State Agency Actions for Ground Water Pollution Management (6).
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University of Minnesota
The University of Minnesota conducts hydrogeologic
mapping, hydrogeochemistry mapping, and maintains the
water well log database of field-located wells as well as the
list of high capacity wells at the MGS. Ground water quality
research is carried out in Civil and Mineral Engineering,
Geology and Geophysics , in the Colleges of Forestry and
Agriculture, the School of Public Health, and through the
Water Resources Research Center and the Center for Agricultural Impacts on Water Quality. Technology transfer and
public education are carried out by MES .

Research Needs
Much more hydrogeologic data for the major aquifers are
needed. Basic mapping must be carried out without delay.
Unfortunately, the need for up-to-date geologic and
hydrogeologic maps will outpace map production for years
to come, even if current funding levels are maintained.
Monitoring networks for both quality and quantity of
ground water and the databases which are created during the
mapping process must be standardized so that interactive
analysis is possible. These efforts will give State or local
officials the resources for making management decisions.
Essential to all these programs is an adequate body of data
to describe existing ground water quality. The PCA maintains
an ambient ground water quality monitoring network.
Unfortunately, the ambient program has been underfunded
in the recent past and the current data are not adequate to
assess background water quality in most areas of the State.
The ambient program is currently being redesigned with
funding from LCMR.
A fantastic amount of money is spent each year in
Minnesota on contamination remediation (34). The State has
several years of experience with clean-up programs and
should now assess the cost-effectiveness of the chosen
remedial activities.

Policy Recommendations
Pollution prevention through source reduction, recycling,
promotion of alternative technologies, and strong regulation
of sources must be encouraged. Use and disposal of potential pollutants should be restricted to the least sensitive
geologic areas. The cost of a product should include the cost
of its disposal; and the cost of water from the tap should
include the cost of ground water quality protection. Both the
Petrofund and the ACRRA fund are examples of how costs
of contamination incidents can be linked to the production
or use of a product.
Many pertinent policy recommendations are summarized
in the Minnesota Ground Water Protection Strategy (44) and
in the Minnesota Water Plan (3). Particular attention should
be given to the funding levels for ongoing and new ground
water protection initiatives and to education.

Funding
Changes in land use and farmland management practices
will be necessary to reduce the incidence of nonpoint
contamination due to agriculture. BWSR and MES are the
direct links to the farmers of Minnesota and thus have an
important technology transfer role which must be maximized under funding levels adequate to staff regional offices
and provide technical on-farm assistance .
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There are a large number of unused, unsealed wells in the
State, including many wells on State land. Those that pose
the greatest risk to ground water quality should be given the
highest priority for proper sealing. BWSR's current program
for cost-sharing of sealing expenses must be continued at a
level adequate to fund programs in all eligible counties.
Current funding is inadequate to conduct the mapping of
geologic sensitivity (13), but the Legislative Commission of
Minnesota Resources (LCMR) has recommended acceleration of the program with funds from the Environmental
Trust.
Adequate funding levels for basic data collection programs must be maintained. Long-term data sets, whether of
water levels, water use, or water quality data, make it
possible to assess impacts on and changes in the ground
water resource. Funding of the consistent collection of data
will produce the benefit of informed decisions and policies.

Education
Skilled ground water professionals are needed in both the
public and private sectors to guide pollution prevention and
ground water protection efforts. The gap between the supply
of new ground water professionals and the demand for their
services is widening. The University of Minnesota and the
State University System should increase academic and professional continuing education opportunities. Adequate faculty and facilities and a coordinated interdepartmental
curriculum for ground water education are needed to train
sufficient numbers of people to fill the available jobs.
If the handlers of wastes and other potential pollutants are
aware of the risks, less intentional dumping will occur.
Education and training of personnel who handle and transport hazardous materials are very important to the prevention of spills and intentional dumping, and is a logical
extension of the current "Right to Know" training requirements .
The State agencies will never have the resources to do the
site specific enforcement which will be necessary for the
protection of the ground water resources . Only an informed
public which understands the nature of ground water and
the implications of ground water quality degradation can
change the attitudes which lead to improper use and
disposal of potential poll\1tants and aid in detection of
existing problems.
The decisions that impact on ground water quality for the
future are being made by local governments and individual
land owners today. Their awareness of these impacts will
determine tomorrow's drinking water supplies.
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